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DETAILED ACTION 

1 . This Office Action responds to the Amendment filed 29 November 2006. By this 
amendment, claims 1, 2, 6, 8, 10, 11, 13 and 26-28 are amended, claims 4, 5, 7 and 15-25 are 
canceled and claims 55-62 are newly added. Claims 29-54 remain withdrawn pursuant to the 
restriction requirement dated 21 July 2006. 

Claim Rejections - 35 USC § 102 

2. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 
basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or on sale in 
this country, more than one year prior to the date of application for patent in the United States. 

(e) the invention was described in (1) an application for patent, published under section 122(b), by another filed in 
the United States before the invention by the applicant for patent or (2) a patent granted on an application for patent 
by another filed in the United States before the invention by the applicant for patent, except that an international 
application filed under the treaty defined in section 351(a) shall have the effects for purposes of this subsection of an 
application filed in the United States only if the international application designated the United States and was 
published under Article 21(2) of such treaty in the English language. 

3. Claims 1-3 and 8 are rejected under 35 U.S.C. 102(b) as being anticipated by Lu et al (US 
Patent Application Publication 2002/0076929). 

Regarding claim 1, Lu et al disclose a method for depositing copper on a work piece, the 
method comprising the steps of: 

depositing overlying the work piece 100 a barrier layer 110 having a surface; 

forming a protective layer 112 that overlies said surface of said barrier layer and that inhibits 
oxidation of said surface; 

removing said protective layer [see paragraph 0018]; and 

electrochemically depositing copper 124 overlying said barrier layer [see paragraph 0022]. 
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Regarding claim 2, Lu et al disclose the method of claim 1, wherein the step of 
electrochemically depositing copper is by electroplating [see paragraphs 0004 and 0022]. 

Regarding claim 3, Lu et al disclose the method of claim 1, wherein the barrier layer 
comprises tantalum [see paragraph 0017]. 

Regarding claim 8, Lu et al disclose the method of claim 1, wherein the step of removing 
said protective layer comprises the step of removing said protective layer using an etchant [see 
paragraph 0019]. 

4. Claims 28 and 55-57 are rejected under 35 U.S.C. 102(e) as being anticipated by Baskaran et 
al(USPN 7,135,404). 

Regarding claim 55, Baskaran et al disclose a method for depositing copper overlying a 
work piece, the method comprising the steps of: 

depositing overlying the work piece 202 a barrier layer 204 having a surface; 

removing from said surface of said barrier layer a contaminant, an oxide, or both by applying 
to said surface an initial cathode current pulse [see col 9, lines 30-40]; and 

after the step of applying to said surface of said barrier layer an initial cathode current pulse, 
electrochemically depositing copper 210 overlying said barrier layer. 

Regarding claim 28, Baskaran et al disclose the method of claim 55, furthermore wherein 
an anodic current is applied to said surface of said barrier layer before the step of applying to said 
surface of said barrier layer an initial cathodic current pulse [see col. 9, lines 53-57]. 

Regarding claim 56, Baskaran et al disclose the method of claim 55, furthermore wherein 
the step of electrochemically depositing comprises depositing by electroplating [see col. 9, lines 13- 
15]. 
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Regarding claim 57, Baskaran et al disclose the method of claim 55, furthermore wherein 
the barrier layer is formed of tantalum or tungsten [see col. 1, lines 60-64]. 

Claim Rejections - 35 USC § 103 

5. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obviousness 
rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in section 
102 of this title, if the differences between the subject matter sought to be patented and the prior art are such that the 
subject matter as a whole would have been obvious at the time the invention was made to a person having ordinary 
skill in the art to which said subject matter pertains. Patentability shall not be negatived by the manner in which the 
invention was made. 

6. Claims 6 and 11 are rejected under 35 U.S.C. 103(a) as being unpatentable over Lu et al (US 
Patent Application Publication 2002/0076929). 

Regarding claim 6, Lu et al disclose the method of claim 4 as described above. Lu et al do 
not disclose wherein the protective layer has a thickness no greater than about 20 A. These claims 
are prima facie obvious without a showing that the claimed ranges achieve unexpected results relative 
to the prior art range. In re Woodruff, 16 USPQ2d 1935, 1937 (Fed. Or. 1990). See also In re Huang, 
40 USPQ2d 1685, 1688 (Fed. Cir. 1996) (claimed ranges of a result effective variable, which do not 
overlap the prior art ranges, are unpatentable unless they produce a new and unexpected result 
which is different in kind and not merely in degree from the results of the prior art). See also In re 
Boesch, 205 USPQ 215 (CCPA) (discovery of optimum value of result effective variable in known 
process is ordinarily within skill of art) and In re Alter, 105 USPQ 233 (CCPA 1955) (selection of 
optimum ranges within prior art in general conditions is obvious). In this case, there exists no 
evidence of record that the thickness of the protective layer provides unexpected results in the 
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semiconductor device produced. One of ordinary skill in the art would be motivated to optimize 
the protective layer's thickness to provide for processing limitations. 

Regarding claim 11, Lu et al disclose the method of claim 4 as described above, furthermore 
wherein the step of forming the protective layer comprises forming a copper film 112. Lu et al do 
not disclose wherein the protective layer has a thickness less than 20 A. These claims are prima facie 
obvious without a showing that the claimed ranges achieve unexpected results relative to the prior 
art range. In re Woodruff, 16 USPQ2d 1935, 1937 (Fed. Cir. 1990). See also In re Huang, 40 USPQ2d 
1685, 1688 (Fed. Cir. 1996) (claimed ranges of a result effective variable, which do not overlap the 
prior art ranges, are unpatentable unless they produce a new and unexpected result which is different 
in kind and not merely in degree from the results of the prior art). See also In re Boesch, 205 USPQ 
215 (CCPA) (discovery of optimum value of result effective variable in known process is ordinarily 
within skill of art) and In reAller, 105 USPQ 233 (CCPA 1955) (selection of optimum ranges within 
prior art in general conditions is obvious). In this case, there exists no evidence of record that the 
thickness of the protective layer provides unexpected results in the semiconductor device produced. 
One of ordinary skill in the art would be motivated to optimize the protective layer's thickness to 
provide for processing limitations. 

7. Claims 26 and 27 are rejected under 35 U.S.C. 103(a) as being unpatentable over Baskaran 
et al (USPN 7,135,404). Baskaran et al disclose the method of claim 55 as described above. 
Baskaran et al are silent as to the magnitude of the initial cathode current pulse, and also as to the 
time for which it is applied. These claims are prima facie obvious without a showing that the claimed 
ranges achieve unexpected results relative to the prior art range. In re Woodruff, 16 USPQ2d 1935, 
1937 (Fed. Cir. 1990). See also In re Huang, 40 USPQ2d 1685, 1688 (Fed. Cir. 1996) (claimed ranges 
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of a result effective variable, which do not overlap the prior art ranges, are unpatentable unless they 
produce a new and unexpected result which is different in kind and not merely in degree from the 
results of the prior art). See also In re Boesch, 205 USPQ 215 (CCPA) (discovery of optimum value of 
result effective variable in known process is ordinarily within skill of art) and In reAller, 105 USPQ 
233 (CCPA 1955) (selection of optimum ranges within prior art in general conditions is obvious). In 
this case, there exists no evidence of record that the magnitude of neither the cathodic current, nor 
the time for which it is applied, provides unexpected results in the semiconductor device produced. 
One of ordinary skill in the art would be motivated to optimize the magnitude and time to provide 
for processing limitations and device performance. 

8. Claim 9 is rejected under 35 U.S.C. 103(a) as being unpatentable over Lu et al (US Patent 
Application Publication 2002/0076929) in view of Jung et al (USPN 6,486,055). Lu et al disclose 
the method of claim 8. Lu et al do not disclose wherein the etchant comprises one of sulfuric acid, 
nitric acid and a combination of sulfuric acid and hydrogen peroxide. Jung et al disclose the step of 
exposing said surface of said barrier layer to an acidic solution which exposing the barrier layer to 
nitric acid [see col. 3, lines 33-37]. It would have been obvious to one of ordinary skill in the art at 
the time of invention to use nitric acid as an etchant because it is well known in the art that nitric 
acid is an extremely powerful oxidizing agent. 

9. Claim 12 is rejected under 35 U.S.C. 103(a) as being unpatentable over Lu et al (US Patent 
Application Publication 2002/0076929) in view of Carl et al (USPN 6,436,267). Lu et al disclose 
the method of claim 1 . Lu et al are silent as to the method by which the barrier layer is deposited. 
Carl et al disclose a tantalum barrier layer formed by CVD [see paragraph bridging columns 1 8 and 
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19]. It would have been obvious to one of ordinary skill in the art to deposit a tantalum barrier layer 
by CVD as taught by Carl et al because CVD is a well-known deposition method for refractory 
metals such as tantalum. 

10. Claims 13 and 14 are rejected under 35 U.S.C. 103(a) as being unpatentable over Lu et al 
(US Patent Application Publication 2002/0076929) in view of Shingubara et al (US Patent 
Application Publication 2003/0068887). Lu et al disclose the method of claim 1. Lu et al do not 
disclose wherein the step of depositing a barrier layer and the step of forming a protective layer are 
performed in the same processing apparatus. Shingubara et al disclose a substantially similar 
method, wherein the step of depositing a barrier layer and the step of forming a protective layer are 
performed in the same processing apparatus, and in the same processing chamber [see paragraph 
0027]. It would have been obvious to one of ordinary skill in the art at the time of invention to 
perform the steps of depositing a barrier layer and forming a protective layer in the same apparatus 
in order to reduce the possibility of oxidation and other forms of contamination during the 
transferal of the work piece. 

11. Claim 58 is rejected under 35 U.S.C. 103(a) as being unpatentable over Baskaran et al 
(USPN 7,135,404) in view of Carl et al (USPN 6,436,267). Baskaran et al disclose the method of 
claim 55. Baskaran et al are silent as to the method by which the barrier layer is deposited. Carl et 
al disclose a tantalum barrier layer formed by CVD [see paragraph bridging columns 18 and 19]. It 
would have been obvious to one of ordinary skill in the art to deposit a tantalum barrier layer by 
CVD as taught by Carl et al because CVD is a well-known deposition method for refractory metals 
such as tantalum. 
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Allowable Subject Matter 

12. Claim 10 is objected to as being dependent upon a rejected base claim for reasons deemed to 
be of record, but would be allowable if rewritten in independent form including all of the limitations 
of the base claim and any intervening claims. 

13. Claims 59-62 are allowed. 

14. The following is a statement of reasons for the indication of allowable subject matter: the 
prior art of record fails to teach or make reasonably obvious, in combination with the other claimed 
features, wherein a protective layer is formed over a barrier layer by exposing the surface of said 
barrier layer to a phosphorous- or a sulfur-containing gas. 

Response to Arguments 

15. Applicant's arguments filed 29 November 2006 have been fully considered but they are not 
persuasive. On pages 12 and 13 of the Remarks, with respect to the rejection of claims 1-4, 6-8 and 
11 [1-4, 7 and 8 under 35 U.S.C §102(b) and 6 and 11 under 35 U.S.C. §103(a)], Applicants argue 
that Lu et al do not discuss removing the passivation layer. The Examiner disagrees. Lu et al 
disclose that a seed layer 112 is deposited and over time the condition of the seed layer degrades, 
leading to an etch process by which the compromised seed layer is removed. 

Furthermore, on pages 13-14 of the Remarks, Applicants argue that neither Lu et al nor 
Jung et al disclose removing a protective layer. The Examiner disagrees for the reasons provided 
above. 
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16. Applicant's arguments with respect to the rejections under Nogami et al (claims 1-6), 
Itabashi et al (claims 1-4, 11, 12, 19 and 21-24), Shingubara et al (claims 1-6, 13 and 14) and Lu 
et al in view of Ding et al (claims 25-28) have been considered but are moot in view of the new 
ground(s) of rejection. 

Conclusion 

17. Applicant's amendment necessitated the new ground(s) of rejection presented in this Office 
action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a). Applicants 
reminded of the extension of time policy as set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE MONTHS 
from the mailing date of this action. In the event a first reply is filed within TWO MONTHS of the 
mailing date of this final action and the advisory action is not mailed until after the end of the 
THREE-MONTH shortened statutory period, then the shortened statutory period will expire on 
the date the advisory action is mailed, and any extension fee pursuant to 37 CFR 1.136(a) will be 
calculated from the mailing date of the advisory action. In no event, however, will the statutory 
period for reply expire later than SIX MONTHS from the date of this final action. 

Any inquiry concerning this communication or earlier communications from the examiner 
should be directed to Colleen E. Rodgers whose telephone number is (571) 272-8603. The examiner 
can normally be reached on Monday through Friday, 9:00 AM to 6:00 PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor, 
Carl Whitehead can be reached on (571) 272-1702. The fax phone number for the organization 
where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR system, 
see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR system, 
contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would like 
assistance from a USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
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